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Devwudfw
Rswlpdo wd{ srolflhv lq g|qdplf prghov kdyh xqdsshdolqj ihdwxuhv1 Lq sduwlfxodu/ rswlpdo
wd{ uhirup w|slfdoo| lqyroyhv d odujh lqlwldo dffxpxodwlrq ri jryhuqphqw dvvhwv zklfk lv
uhvsrqvleoh iru d odujh sduw ri wkh zhoiduh jdlqv iurp rswlpdo wd{ uhirup1 Lq wklv sdshu/ zh
lqyhvwljdwh wkh urexvwqhvv ri wkhvh ￿qglqjv e| vwxg|lqj rswlpdo wd{ srolf| lq d vwdqgdug
jurzwk prgho zkhq d uhirup kdv wr eh dqqrxqfhg lq dgydqfh ri lwv lpsohphqwdwlrq1
Zh ￿qg wkdw wklv uhtxluhphqw ohdgv wr dq rswlpdo vroxwlrq zklfk lv frqvlghudeo| pruh
uhdvrqdeoh wkdq rswlpdo wd{ uhirupv vwxglhg suhylrxvo|1 Xvlqj qxphulfdo fdofxodwlrqv/ zh
￿qg wkdw wkh rswlpdo suh0dqqrxqfhg wd{ uhirup lqyroyhv rqo| d vpdoo lqlwldo dffxpxodwlrq
ri jryhuqphqw dvvhwv1 Zh dovr ￿qg wkdw wkh zhoiduh jdlqv iurp rswlpdo wd{ uhirup duh
uhgxfhg e| qr pruh wkdq d wklug zkhq wkh jryhuqphqw lv uhtxluhg wr suh0dqqrxqfh uhirup
derxw 47 |hduv lq dgydqfh/ dqg wkdw wklv uhgxfwlrq lv pdlqo| gxh wr wkh ghod| lwvhoi udwkhu
wkdq wkh h￿hfw ri suh0dqqrxqfhphqw rq wkh fkdudfwhu ri wkh rswlpdo wd{ uhirup1 Wklv
ohdyhv xv zlwk d zhoiduh jdlq fruuhvsrqglqj wr dq lqfuhdvh lq frqvxpswlrq ri derxw 4
shufhqw iurp d wd{ uhirup zlwk uhdvrqdeoh surshuwlhv1
Nh|zrugv= Rswlpdo wd{dwlrq/ frpplwphqw/ iurqwordglqj1
MHO fodvvl￿fdwlrq= H95/ K541
4 Lqwurgxfwlrq
Rswlpdo wd{ srolflhv lq g|qdplf prghov w|slfdoo| h{klelw vrph udwkhu glvwxuelqj
surshuwlhv1 Wkh rswlpdo wd{ vfkhph lq Wxuqryvn| ) Eurfn +4<;3, kdv wkh jryhuq0
phqw froohfwlqj doo lwv uhyhqxhv lq wkh uvw shulrg/ vhwwlqj doo vxevhtxhqw wd{ udwhv
wr }hur1 Lq Fkdul/ Fkulvwldqr ) Nhkrh +4<<7, +khqfhiruwk FFN,/ wkh rswlpdo wd{
￿ Fruuhvsrqghqfh wr= nohlqCllhv1vx1vh ru grphlmgCllhv1vx1vh1
Zh wkdqn Wruvwhq Shuvvrq dqg Nmhwlo Vwruhvohwwhq iru xvhixo frpphqwv dqg vxjjhvwlrqv dqg Kdudog
Xkolj iru lqvslulqj xv wr zulwh wklv sdshu1 Jhqhurxv ￿qdqfldo vxssruw iurp Wrp Khgholxv rfk Mdq
Zdoodqghuv vwliwhovh iøu vdpk￿oovyhwhqvndsolj iruvnqlqj dqg Fduo Pdqqhuihowv irqg lv judwhixoo|
dfnqrzohgjhg1
4uhirup lqyroyhv dq hqruprxv lqlwldo0shulrg frqvxpswlrq errp lq vslwh ri wkh suhi0
huhqfhv iru frqvxpswlrq vprrwklqj ri wkh prgho*v krxvhkrogv1 Mrqhv/ Pdqxhool )
Urvvl +4<<:, +khqfhiruwk MPU, vkrz wkdw/ lq d odujh fodvv ri prghov/ rswlpdo wd{
udwhv duh doo htxdo wr }hur lq d vwhdg| vwdwh/ fdoolqj wklv d glvwxuelqj exw hvvhqwldo
ihdwxuh ri wkh rswlpdo wd{ frgh1
Lq wklv sdshu/ zh suhvhqw dq hfrqrplf hqylurqphqw zkhuh rswlpdo wd{ uhirup
orrnv txlwh uhdvrqdeoh1 Wkh vhwxs lqyroyhv rqo| d vpdoo prglfdwlrq ri wkh vwdq0
gdug rqh/ qdpho| wkdw wkh jryhuqphqw kdv wr dqqrxqfh uhirup lq dgydqfh ri lwv
lpsohphqwdwlrq1 Zh dujxh wkdw wklv prglfdwlrq pdnhv vhqvh lq whupv ri wkh vslulw
ri wkh Udpvh| +4<5:, rswlpdo wd{dwlrq h{huflvh1 Rxu dssurdfk/ zh fodlp/ wdnhv wr
lwv orjlfdo frqfoxvlrq wkh lghd wkdw d prgho ri rswlpdo wd{dwlrq vkrxog eh vhw xs lq
vxfk d zd| dv wr pdnh wkh jryhuqphqw wdnh wkh ixoo lqfhqwlyh hhfwv ri wd{dwlrq lqwr
dffrxqw zkhq vhwwlqj wd{ udwhv1
Wkh h{lvwlqj olwhudwxuh rq Udpvh| rswlpdo wd{dwlrq lq g|qdplf prghov +vhh/
iru h{dpsoh/ Fkdpoh| +4<;4,/ Mxgg +4<;8, dqg FFN, wdnhv dv jlyhq wkh lghd wkdw
oxps0vxp wd{dwlrq lv qrw ihdvleoh1 Dowkrxjk wkh lqirupdwlrqdo uhvwulfwlrqv wkdw
olh ehklqg wklv idfw duh qrw xvxdoo| vshow rxw lq ghwdlo/ dq xqghuo|lqj lghd lv wkdw
wkh jryhuqphqw vkrxog eh prghoohg dv wdnlqj wkh lqfhqwlyh hhfwv ri wd{dwlrq lqwr
dffrxqw zkhq lw vhwv wd{ srolf|1 Iru wklv wr eh frqvlvwhqw zlwk udwlrqdolw| rq wkh
sduw ri wkh jryhuqphqw/ wd{ srolf| pxvw eh vhw ehiruh krxvhkrogv pdnh wkhlu fkrlfhv1
Rqo| wkhq lv lw udwlrqdo iru wkh jryhuqphqw wr lqwhuqdol}h wkh hhfwv ri lwv srolf| rq
wkh h{shfwdwlrqv ri wkh krxvhkrogv1 Frqvhtxhqwo|/ wkh h{lvwlqj olwhudwxuh rq Udpvh|
wd{dwlrq dvvxphv wkdw wkh jryhuqphqw lv deoh wr suhfrpplw lq wkh lqlwldo shulrg wr
wkh +srvvleo| vwdwh frqwlqjhqw, vhtxhqfh ri wd{hv iurp wkh lqlwldo shulrg rqzdugv1
Lq wklv sdshu/ zh dujxh wkdw wklv dprxqw ri suhfrpplwphqw lv vwloo qrw hqrxjk>
wkdw lw vwloo ohdyhv urrp iru vrphwklqj wkdw orrnv d orw olnh oxps0vxp wd{dwlrq1 Ri
frxuvh lw lv zlgho| uhfrjql}hg wkdw doorzlqj wkh jryhuqphqw iuhho| wr vhw wkh fdslwdo
lqfrph wd{ lq wkh lqlwldo shulrg lv txlwh olwhudoo| wr doorz oxps0vxp wd{dwlrq1 Lqghhg/
Wxuqryvn| ) Eurfn +4<;3, fdoo lw lqwurgxflqj d oxps vxp wd{ wkurxjk wkh edfn
grru1 Frqvhtxhqwo| lw lv xvxdoo| dvvxphg wkdw wkh lqlwldo shulrg fdslwdo lqfrph wd{
udwh lv h{rjhqrxvo| {hg1 Exw zh fodlp wkdw hyhq wklv lv qrw hqrxjk1 Wkh lqwxlwlyh
uhdvrq lv dv iroorzv1 Zkhq wkh lqlwldo shulrg fdslwdo lqfrph wd{ udwh lv {hg/ lw lv
wuxh wkdw wkh jryhuqphqw fdqqrw ghflgh rq wkh vl}h ri wkh iudfwlrq ri lqlwldo kroglqjv
wdnhq iurp wkh sxeolf1 Exw lw fdq lq xhqfh lwv ydoxh e| pdqlsxodwlqj wkh wlph sdwk
ri oderu lqfrph wd{hv dqg h{shfwhg ixwxuh fdslwdo lqfrph wd{hv1 Lq sduwlfxodu/ zkdw
5lw fdq gr lv wr vwlpxodwh d frqvxpswlrq errp lq wkh lqlwldo shulrg/ zklfk eulqjv
grzq wkh vkdgrz ydoxh ri wkh lqlwldo0shulrg fdslwdo vwrfn1 Lqghhg/ wklv lv suhflvho|
zkdw qxphulfdo h{huflvhv zlwk Udpvh| wd{dwlrq lq g|qdplf prghov kdyh vkrzq>
vhh iru h{dpsoh FFN1 Pruhryhu/ wkh vroxwlrq lv w|slfdoo| fkdudfwhul}hg e| d yhu|
kljk +h{shfwhg, fdslwdo lqfrph wd{ udwh lq wkh shulrg iroorzlqj wkh lqlwldo shulrg1
Zh fodlp wkdw wklv surshuw| ri wkh vroxwlrq lv frqwudu| wr wkh vslulw ri wkh Udpvh|
htxloleulxp1 Wkh uhdvrq lv wkdw wkh jryhuqphqw hqjlqhhuv wkh errp rqo| ehfdxvh
lw ljqruhv wkh glvlqfhqwlyh hhfwv wkh orz lqlwldo vkdgrz ydoxh ri fdslwdo zrxog kdyh
kdg rq suh0uhirup dffxpxodwlrq ri fdslwdo li lw kdg ehhq nqrzq ehiruhkdqg1
Lq dq dwwhpsw wr dyrlg dq h{wuhph lqlwldo frqvxpswlrq errp/ MPU lpsrvh ydu0
lrxv uhvwulfwlrqv rq wd{ udwhv dqg erqg lvvxhv1 Lq wklv sdshu/ zh wu| wr dfklhyh wkh
vdph uhvxow e| lqvwhdg dwwdfnlqj zkdw zh fodlp lv wkh hvvhqwldo vrxufh ri wkh lqlwldo
frqvxpswlrq errp surshuw| ri wkh Udpvh| rswlpdo wd{ uhirup/ l1h1 wkh lqvx!flhqw
dprxqw ri suhfrpplwphqw rq wkh sduw ri wkh jryhuqphqw1 Zh lqfuhdvh wkh ghjuhh
ri suhfrpplwphqw e| vhsdudwlqj wkh gdwh ri dqqrxqfhphqw iurp wkh gdwh ri lpsoh0
phqwdwlrq ri uhirup1 Pruh vshflfdoo|/ zh irufh wkh jryhuqphqw wr dqqrxqfh wkh
rswlpdo srolf| uhirup A shulrgv lq dgydqfh dqg lqyhvwljdwh zkdw kdsshqv wr wkh
rswlpdo wd{ frgh dv A fkdqjhv/ dqg/ lq sduwlfxodu/ dv A ehfrphv d yhu| odujh exw
qlwh qxpehu14 Lq wklv zd|/ zh irufh wkh jryhuqphqw wr wdnh wkh glvlqfhqwlyh hhfwv
ri wd{dwlrq rq suh0uhirup ehkdylru lqwr dffrxqw1
Wkh pdlq uhvxowv duh dv iroorzv1 Zkhq A  2/ wkh lqlwldo frqvxpswlrq errp
glvdsshduv dqg lv uhsodfhg e| d gls1 Dv A lv lqfuhdvhg ixuwkhu/ wkh vl}h ri wklv gls
glplqlvkhv vr wkdw frqvxpswlrq hyhqwxdoo| frphv forvh wr lqfuhdvlqj prqrwrqlfdoo|
ryhu wlph wrzdugv wkh qhz vwhdg| vwdwh1 Dv A $4 / fdslwdo dffxpxodwlrq lv fduulhg
rxw prvwo| ehiruh wkh lpsohphqwdwlrq ri uhirup/ dqg wkh olplwlqj sdwk frphv forvh
wr h{klelwlqj dq lpphgldwh mxps dw wkh wlph ri lpsohphqwdwlrq +| 'f wr wkh qhz
vwhdg| vwdwh1 Wr vxssruw wklv htxloleulxp/ wkh fdslwdo lqfrph wd{ lq shulrgf vkulqnv
iurp 2e shufhqw dw wkh wudglwlrqdo vroxwlrq +A 'f ,w rd e r x w e shufhqw dw A   f1
Phdqzkloh/ wkh ghjuhh ri iurqwordglqj5 glplqlvkhv1 Dw A 'f cderxw b shufhqw ri
sxeolf vshqglqj lv qdqfhg e| uhwxuqv rq jryhuqphqw dvvhwv lq wkh vwhdg| vwdwh1
Wklv jxuh idoov wr derxw 2 shufhqw dv A $4 1
4 Zh zloo vrphwlphv h{suhvv wklv e| vd|lqj wkdw W $4 1 Ri frxuvh/ wklv grhv qrw lpso| wkdw
W @ 4 zklfk phdqv wkdw wkhuh lv qr uhirup dw doo1
5 Iru wkh sxusrvhv ri wklv sdshu/ d wd{ srolf| lv vdlg wr eh iurqwordghg li sduw ri jryhuqphqw
vshqglqj rq wkh edodqfhg jurzwk sdwk lv ￿qdqfhg e| uhwxuqv rq dvvhwv dffxpxodwhg gxulqj wkh
wudqvlwlrq1 Iru ghwdlov/ vhh vhfwlrq 91
6Frqfhuqlqj wkh vhtxhqfh ri vroxwlrq sdwkv fuhdwhg e| fkdqjlqj Ac zh qg wkdw
wklv vhtxhqfh ri sdwkv hyhqwxdoo| frqyhujhv wr d olplwlqj sdwk dv A $4 cexw udwkhu
vorzo|1 Zkloh wkh vroxwlrq grhv ehfrph pxfk pruh uhdvrqdeoh zkhq wkhuh lv d suh0
dqqrxqfhphqw shulrg ri derxw irxu |hduv/ A kdv wr lqfuhdvh wr derxw 53 |hduv ehiruh
ixuwkhu lqfuhdvhv lq A kdyh rqo| d vpdoo txdqwlwdwlyh lpsdfw1
Lq whupv ri zhoiduh/ zh qg wkdw wkh jdlqv iurp rswlpdo wd{ uhirup duh uhgxfhg e|
dv olwwoh dv d wklug zkhq wkh jryhuqphqw lv uhtxluhg wr suh0dqqrxqfh uhirup derxw 47
|hduv lq dgydqfh/ ohdylqj d zhoiduh jdlq fruuhvsrqglqj wr dq lqfuhdvh lq frqvxpswlrq
ri derxw 4 shufhqw iurp d uhirup zlwk txlwh uhdvrqdeoh surshuwlhv1 Zh dovr qg wkdw
wklv uhgxfwlrq lq wkh zhoiduh jdlq lv pdlqo| gxh wr wkh ghod| lwvhoi +srvwsrqlqj d jrrg
wklqj lv d edg wklqj, udwkhu wkdq wkh hhfw ri suh0dqqrxqfhphqw rq wkh fkdudfwhu ri
wkh rswlpdo wd{ uhirup1 Zkhq zh frqwuro iru wkh sxuh ghod| hhfw/ zh qg wkdw wkh
zhoiduh jdlqv duh pruh ru ohvv xqfkdqjhg e| wkh uhtxluhphqw ri suh0dqqrxqfhphqw1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh
hfrqrplf hqylurqphqw1 Vhfwlrq 6 glvfxvvhv rswlpdo uhyhqxh0qhxwudo wd{ uhirup zlwk
dqg zlwkrxw suh0dqqrxqfhphqw1 Vhfwlrq 7 ghvfulehv krz wkh prgho*v sdudphwhuv duh
fdoleudwhg wr w wkh srvw0zdu h{shulhqfh ri wkh Xqlwhg Vwdwhv1 Vhfwlrq 8 ghvfulehv wkh
qxphulfdo phwkrgv zh kdyh xvhg1 Vhfwlrq 9 suhvhqwv wkh uhvxowv iru wkh ehqfkpdun
fdvh1 Lq vhfwlrq :/ zh lqyhvwljdwh wkh urexvwqhvv ri wkh uhvxowv lq wkh ehqfkpdun
fdvh e| vwxg|lqj vrph h{whqvlrqv1 Vhfwlrq ; frqfoxghv1
5 Wkh hfrqrplf hqylurqphqw
Wkh hfrqrplf hqylurqphqw lv d ghwhuplqlvwlf qhrfodvvlfdo jurzwk prgho zlwk yduldeoh
ohlvxuh dqg d jryhuqphqw vhfwru1 Zh zloo ghqrwh frqvxpswlrq e| S|/ krxuv zrunhg
dv d iudfwlrq ri wrwdo dydlodeoh wlph e| |c wkh fdslwdo vwrfn e| &|c wkh uhdo suh0wd{
lqwhuhvw udwh e| o|c wkh suh0wd{ zdjh udwh e| |/ wkh vwrfn ri jryhuqphqw erqgv e|
K|c dqg wkh sulfh ri jryhuqphqw erqgv e| ^| Lq wkh wudglwlrq ri Udpvh| rswlpdo
wd{dwlrq/ zh lpsrvh olqhdu wd{ vfkhgxohv/ ghqrwlqj wkh  dw wd{ udwhv rq oderu dqg
fdslwdo lqfrph e| ￿
| dqg &
| uhvshfwlyho|1 Jryhuqphqw vshqglqj frqvlvwv ri sxufkdvhv
}| dqg wudqvihuv A| Dv qdo slhfh ri qrwdwlrq/ sduwldo ghulydwlyhv zloo eh zulwwhq lq





7Zkhq % lv lqgh{hg e| |/ zh zloo vrphwlphv zulwh
}￿c| G' }￿ E%| +5,
Wkh hfrqrp| kdv d uhsuhvhqwdwlyh krxvhkrog zlwk wkh shulrg xwlolw| ixqfwlrq
L ESc dqg d frpshwlwlyh vlqjoh surgxfwlrq vhfwru zlwk wkh djjuhjdwh surgxfwlrq
ixqfwlrq s E&c
Hdfk krxvhkrog lv dvvxphg wr eh ri phdvxuh }hur/ dqg wkh uhsuhvhqwdwlyh krxvh0













A A A A A A A A A A ?
A A A A A A A A A A =



































zkhuh b| ' L￿ ES|c |lv wuhdwhg dv sdudphwulfdoo| jlyhq e| wkh krxvhkrog16 Phdq0
zkloh/ d uhsuhvhqwdwlyh sulfh0wdnlqj up pd{lpl}hv surwv vr wkdw idfwruv ri surgxf0
wlrq duh sdlg wkhlu pdujlqdo surgxfwv dffruglqj wr
+
o| ' s￿ E&|c |
 |'s 2E& |c |
+8,
Iru frqyhqlhqfh/ zh ghqh wkh diwhu0wd{ uhwxuq rq fdslwdo yld







Wkh frqvxphu*v dqg up*v sureohp duh vroyhg lq wkh frqwh{w ri dq hfrqrp| zklfk
idfhv wkh djjuhjdwh uhvrxufh frqvwudlqw
S| n &|n￿ n }| 'E B & |nsE & |c | +9,
Wklv ghvfulswlrq ri rxu prgho hfrqrp| ljqruhv wkh remhfwlyhv dqg frqvwudlqwv ri wkh
jryhuqphqw/ zklfk lv wkh wrslf ri wkh qh{w vhfwlrq1 Lqvwhdg zh hqg wklv vhfwlrq e|
6 Dqrwkhu zd| ri sxwwlqj wklv lv wr vd| wkdw ￿w @ X4 +Fw>K w,zkhuh [w lv wkh srsxodwlrq dyhudjh
ri {w=




























|’f vxfk wkdw wkh doorfdwlrq vdwlvhv wkh djjuhjdwh uhvrxufh
frqvwudlqw dqg pd{lpl}hv krxvhkrog xwlolw| dqg up surwv jlyhq wkh sulfhv/ zklfk
pxvw dovr vdwlvi| +8,1 Erqg sulfhv ^| duh ghwhuplqhg e| wkh lpsolflw uhtxluhphqw wkdw
erqg pdunhwv fohdu lq hyhu| shulrg1 Zh zloo dvvxph wkdw wkh krxvhkrog*v sureohp
lv vxfk wkdw/ rqfh jryhuqphqw srolflhv duh jlyhq/ wkh iroorzlqj htxdwlrqv/ dorqj zlwk
+8,/ xqltxho| fkdudfwhul}h wkh frpshwlwlyh htxloleulxp1
;
A A A A A A A A A A A A A A A A A A ?
A A A A A A A A A A A A A A A A A A =
L￿c| ' q-|n￿L￿c|n￿( | 'f c c
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6 Suh0dqqrxqfhg rswlpdo wd{ uhirup
614 Vwdqgdug Udpvh| rswlpdo uhirup
Wkh vwdqgdug Udpvh| htxloleulxp lv wkdw frpshwlwlyh htxloleulxp doorfdwlrq zklfk
gholyhuv wkh pd{lpxp ydoxh ri wkh krxvhkrog*v remhfwlyh ixqfwlrq vxemhfw wr wkh
frqvwudlqwv
;
A A A A ?







}| n A| n K| ' ￿
||| n &
| Eo|  B&| n ^|K|n￿( | 'f c c
Kf jlyhq
+;,
D xvhixo wkhruhp lq wklv frqwh{w lv wkdw wkh frqvwudlqwv +:, dqg +;, idfhg e| wkh
jryhuqphqw fdq eh vxppdul}hg lq d vlqjoh htxdwlrq/ qdpho| wkh vr0fdoohg lpsoh0




| dL￿c| dS|  A|onL 2 c||o'L ￿ c fd K fn- f& fo +<,
9Wr suryh wklv wkhruhp/ rqh fdq iroorz wkh dssurdfk ri Oxfdv ) Vwrnh| +4<;6,1 Lqwx0
lwlyho| vshdnlqj/ wkh lpsohphqwdelolw| frqglwlrq vxppdul}hv wkuhh surshuwlhv ri dq|
ihdvleoh frpshwlwlyh htxloleulxp doorfdwlrq/ qdpho| +l, wkh jryhuqphqw*v exgjhw  rz
exgjhw frqvwudlqw lv vdwlvhg lq hdfk shulrg/ +ll, wkh krxvhkrog*v Hxohu htxdwlrqv duh
vdwlvhg lq hdfk shulrg/ dqg/ qdoo|/ +lll, wkh suhvhqw ydoxh ri rxwvwdqglqj jryhuq0





v x e m h f ww r+ 9 ,d q g+ < , 1
Xqohvv zh lpsrvh ixuwkhu frqvwudlqwv rq wkh sureohp/ krzhyhu/ wkh Udpvh| sure0
ohp kdv d udwkhu wulyldo vroxwlrq> lw frqvlvwv lq vhwwlqj &
f kljk hqrxjk wr jhqhudwh
uhyhqxh wkdw vx!fhv wr ex| hqrxjk jryhuqphqw fodlpv rq wkh sulydwh vhfwru vr wkdw
wd{hv qhhg qhyhu eh ohylhg djdlq1 Wklv lv lq idfw dozd|v srvvleoh hyhq li &f lv duel0
wudulo| vpdoo/ vlqfh wkh krxvhkrog fdq eruurz iurp wkh jryhuqphqw wkh dprxqw lw
qhhgv wr fryhu dq| wd{hv gxh iru sd|phqw lq shulrg f1 Wkhuh lv frpprq djuhhphqw
wkdw wklv vroxwlrq jrhv djdlqvw wkh vslulw ri wkh Udpvh| sureohp/ zklfk diwhu doo lv
suhplvhg xsrq wkh lghd wkdw qrq0glvwruwlrqdu| +oxps0vxp, wd{dwlrq lv qrw ihdvleoh1
Vlqfh wkh fdslwdo ohy| &
f lv xqdqwlflsdwhg e| wkh krxvhkrog/ lw zrunv mxvw olnh d oxps
vxp wd{/ lw lv w|slfdoo| frqvwudlqhg lq prvw dqdo|vhv ri Udpvh| rswlpdo wd{dwlrq lq
g|qdplf prghov +vhh h1j1 FFN,1
Lq idfw/ lw lv frpprq wr jr rqh vwhs ixuwkhu dqg frqvwudlq qrw mxvw wkh lqlwldo
fdslwdo ohy| exw wkh hqwluh vhtxhqfh ri wd{ udwhv +vhh h1j1 MPU, e| uhtxlulqj lw wr
eh zlwklq d fhuwdlq edqg/ vd| ehwzhhq f dqg ff shufhqw1 Wkh prwlydwlrq iru wklv
uhvwulfwlrq lv w|slfdoo| wkdw wkh vroxwlrq zrxog rwkhuzlvh eh xquhdvrqdeoh lq vrph
+qrw dozd|v fohduo| duwlfxodwhg, vhqvh1 Rqh vhqvh lq zklfk lw pljkw eh wkrxjkw wr
eh xquhdvrqdeoh lv vlpso| wkdw wkh htxloleulxp doorfdwlrq orrnv ixqq|1 Lw lqyroyhv
d vxgghq mxps lq frqvxpswlrq wr d ohyho zd| deryh wkh vwhdg| vwdwh jhqhudwhg e|
dyhudjh fxuuhqw wd{ srolf|/ dqg wkhq dq htxdoo| vxgghq glyh wr d srlqw ehorz wkh rog
vwhdg| vwdwh1 Frqvxpswlrq wkhq vorzo| uhfryhuv dqg vhwwohv grzq vrphzkhuh vwulfwo|
deryh wkh rog vwhdg| vwdwh ohyho1 Lq wklv sdshu zh dujxh wkdw lw lv vxvshfw lq d ghhshu
vhqvh> lq idfw lq wkh vdph vhqvh dv wkh lqlwldo0fdslwdo0ohy| vroxwlrq ghvfulehg lq wkh
suhylrxv sdudjudsk1 Lw lv vxvshfw ehfdxvh lw jrhv djdlqvw wkh vslulw ri wkh Udpvh|
rswlpdo wd{dwlrq lq wkdw lw doorzv iru vrphwklqj wkdw lv frqfhswxdoo| dnlq wr oxps0
vxp wd{dwlrq1
:Wklv fodlp lv edvhg rq wkh uhdvrq iru zk| dq lqlwldo frqvxpswlrq errp lv d
surshuw| ri wkh Udpvh| htxloleulxp zlwk &
f {hg1 Wkh srlqw lv wkdw dq|wklqj zklfk
fdq eulqj grzq wkh ydoxh ri L￿cf dKf n -f&fo lv d jrrg wklqj iurp wkh srlqw ri ylhz
ri wkh jryhuqphqw1 Wklv whup uhsuhvhqwv wkh pdunhw ydoxh ri lqlwldo dvvhwv khog e|
wkh sulydwh vhfwru1 Dq lqlwldo fdslwdo ohy| &
f eulqjv wklv grzq lq d gluhfw zd|1 Li &
f
lv {hg h{rjhqrxvo|/ lw lv rswlpdo wr eulqj wkh pdunhw ydoxh ri lqlwldo dvvhwv grzq lq
dq lqgluhfw zd|/ yl}1 e| eulqj grzq wkh ydoxh ri wkh pdunhw sulfh ri fdslwdo/ zklfk lq
htxloleulxp lv L￿cf Wkh shulrg xwlolw| ixqfwlrq L ehlqj frqfdyh lq frqvxpswlrq/ L￿cf
lv eurxjkw grzq e| pdnlqj Sf d odujh qxpehu1 Ri frxuvh/ wkh jryhuqphqw fdqqrw
frqwuro Sf gluhfwo|/ exw lw fdq pdqlsxodwh wkh udwh ri uhwxuq ehwzhhq shulrg f dqg
shulrg  lq vxfk d zd| dv wr hqfrxudjh frqvxpswlrq lq wkh lqlwldo shulrg1 Wklv lv
grqh e| vhwwlqj &
￿   f dqg ￿
f  f1
Zh dujxh/ wkhq/ wkdw erwk wkh lqlwldo fdslwdo ohy| skhqrphqrq dqg wkh lqlwldo
frqvxpswlrq errp surshuw| duh lqfrqvlvwhqw zlwk wkh vslulw ri wkh Udpvh| rswlpdo
wd{dwlrq h{huflvh1 Zh dovr dujxh wkdw wkh| vkrxog eh uhphglhg lq wkh vdph zd|1
Il{lqj wd{ udwhv h{rjhqrxvo| ru iruflqj wkhp lqwr duelwudu| edqgv/ pruhryhu/ grhv
qrw vhhp olnh dq dssursuldwh zd| ri surfhhglqj1 Li zh grq*w olnh wkh vroxwlrq wr dq
rswlpl}dwlrq sureohp/ wkh rqo| krqhvw rswlrq lv wr prgli| wkh remhfwlyh ixqfwlrq
dqg2ru wkh frqvwudlqwv lq d zd| wkdw zh fdq prwlydwh lqghshqghqwo| ri zkhwkhu wkh
vroxwlrq dv vxfk lv ixqq| ru qrw1 Lq wkh qh{w vhfwlrq/ zh suhvhqw vxfk d prglfdwlrq1
615 Suh0dqqrxqfhg rswlpdo uhirup
61514 Wkh lqwxlwlyh lghd
Lq wklv sdshu/ zh prgli| wkh frqvwudlqwv ri wkh Udpvh| rswlpdo wd{dwlrq h{huflvh lq d
zd| wkdw zh fodlp lv lq olqh zlwk wkh ruljlqdo vslulw ri wkh Udpvh| rswlpdo wd{dwlrq
lghd +dv irupxodwhg ruljlqdoo| e| Sljrx,1 Udpvh|*v +4<5:, vhwwlqj zdv ri frxuvh
vwdwlf/ vr wkdw doo djhqwv zhuh dzduh ri doo wkh wd{hv zkhq wkh| pdgh wkhlu ghflvlrqv
derxw wd{ edvhv1 Qr wd{hv zhuh xqdqwlflsdwhg1 Jhqhudol}lqj wr wkh vwrfkdvwlf fdvh/
wklv zrxog qrw qhfhvvdulo| phdq wkdw wd{hv frxog qrw ghyldwh iurp wkhlu frqglwlrqdo
phdqv1 Zkdw lw zrxog phdq lv wkdw wkh frqglwlrqdo phdq ri hdfk wd{ udwh lv nqrzq
dqg wdnhq lqwr dffrxqw e| krxvhkrogv zkhq wkh uhohydqw ghflvlrqv frqfhuqlqj wkh
irupdwlrq ri wkh wd{ edvh duh pdgh1
Jhqhudol}lqj wr d g|qdplf vhwwlqj lv d pruh vhqvlwlyh pdwwhu1 Wr vwd| wuxh wr
wkh Udpvh| vslulw/ wkh frqglwlrqdo phdqv ri doo wkh uhohydqw wd{ udwhv vkrxog eh
;nqrzq dw wkh wlph ri irupdwlrq ri wkh uhvshfwlyh wd{ edvhv1 Suhvxpdeo| wklv vkrxog
dsso| wr wkh fdslwdo vwrfn dv zhoo dv iru dq| rwkhu wd{ edvh1 Exw wkh ghflvlrqv wkdw
ghwhuplqhg wkh fdslwdo vwrfn dw wkh wlph ri uhirup duh doo wkh vdylqjv ghflvlrqv iurp
w k hg d z qr iw l p h+ |'4, xqwlo wkdw wlph1 Khqfh wr hqdeoh djhqwv wr fkrrvh
wkh lqlwldo fdslwdo vwrfn wdnlqj doo wkh uhohydqw wd{ udwhv lqwr dffrxqw/ wd{ srolf|
kdv wr eh suh0dqqrxqfhg1 Lq sulqflsoh/ lw vkrxog eh suh0dqqrxqfhg duelwudulo| idu lq
dgydqfh1
61515 Wkh pdwkhpdwlfdo irupdol}dwlrq
Iurp wkh shuvshfwlyh ri wkh rswlpl}lqj jryhuqphqw/ suh0dqqrxqfhphqw wdnhv wkh
irup ri wd{ udwhv ehlqj frqvwudlqhg wr wkhlu rog ydoxhv +jlyhq e| wkh fxuuhqw vxe0
rswlpdo srolf|, lq shulrgv | 'f c  ccA   Wkh uhirup lv wkhq lpsohphqwhg lq
shulrg A1 Ghqrwh wkh rog +h{rjhqrxvo| jlyhq, ydoxh ri ￿
| e| 7  ￿ dqg wkh rog ydoxh
ri &
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Wkh vhfrqg ri wkhvh frqvwudlqwv lv ri d qrq0vwdqgdug nlqg/ dv glvfxvvhg e| Pdufhw )
Pdulprq +4<<8,1 Dv d frqvhtxhqfh/ wkh Odjudqjh pxowlsolhu #| dvvrfldwhg zlwk wkh
fdslwdo lqfrph wd{ frqvwudlqw ehfrphv d vwdwh yduldeoh lq wkh vhqvh wkdw lwv lqlwldo
ydoxh lv jlyhq +#3￿ 'f , dqg wkdw wkh ydoxh ri #|3￿ lv uhohydqw iru ghflvlrqv wdnhq lq
shulrg |1
Iru dq| {hg A /  &
| '7  &iru | 'f c c2 ccA  Wr dyrlg dq lqlwldo frqvfdwlrq/
&
f '7  &hyhq zkhq A 'f Wkxv zkhq A:f cwkh uvw iuhho| fkrvhq fdslwdo lqfrph
wd{ lv &
A/d q gz k h qA'f cwkh uvw iuhho| fkrvhq fdslwdo lqfrph wd{ udwh lv &
￿ '
&
An￿ Uhjdugohvv ri wkh ydoxh ri Ac wkh uvw iuhho| fkrvhq oderu lqfrph wd{ lv ￿
A
7 Prgho fdoleudwlrq
714 Fxuuhqw jryhuqphqw srolf|
71414 Wd{hv
Zh vhw wkh oderu wd{ udwh ￿ 'f  2S dqg wkh fdslwdo lqfrph wd{ udwh & 'f  ee
Wkhvh qxpehuv duh lq wkh vdph uhjlrq dv wkrvh uhsruwhg e| PfJudwwdq/ Urjhuvrq
<) Zuljkw +4<<7, dqg Phqgr}d/ Ud}lq ) Whvdu +4<<7,1
71415 Vshqglqj
Jryhuqphqw sxufkdvhv }| duh vhw frqvwdqw dw d ohyho vr wkdw wkh vwhdg| vwdwh udwlr
ri jryhuqphqw sxufkdvhv wr JGS jhqhudwhg e| wkh prgho zlwk fxuuhqw srolf| lv
fbc zklfk lv wkh dyhudjh srvw0zdu jxuh iru wkh Xqlwhg Vwdwhv1 Wudqvihu sd|phqwv
duh dovr frqvwdqw dqg vxfk dv wr edodqfh wkh exgjhw lq wkh vwhdg| vwdwh jhqhudwhg
e| wkh prgho zlwk fxuuhqw srolf|1 Wklv lpsolhv d vwhdg| vwdwh udwlr ri wudqvihuv wr
JGS ri ffeS1 Wklv lv voljkwo| ohvv wkdq wkh X1V1 srvw0zdu dyhudjh/ zklfk lv derxw
f shufhqw1 Wkh uhdvrq iru wklv glvfuhsdqf| lv wkdw zh rplw vrph vrxufhv ri wd{
uhyhqxh/ vxfk dv vdohv wd{hv/ iurp wkh prgho1
71416 Ghew
Lqlwldo jryhuqphqw ghew Kf lv vhw wr }hur lq wkh ehqfkpdun fdvh1 Vhh vhfwlrq : iru d
glvfxvvlrq ri zkdw kdsshqv zkhq wklv dvvxpswlrq lv prglhg1
715 Suhihuhqfhv dqg whfkqrorj|
Wkh surgxfwlrq ixqfwlrq lv ghqhg yld
s E&c'&
w
￿ 3 w +43,
zkhuh w 'f  S wr pdwfk wkh srvw0zdu fdslwdo vkduh ri lqfrph lq wkh Xqlwhg Vwdwhv1
Wkh shulrg xwlolw| ixqfwlrq lv ghqhg yld
L ESc'k*?S nE k *?E
zkhuh k 'f  2.D. vr dv wr gholyhu  'f  2 lq wkh vwhdg| vwdwh jhqhudwhg e| wkh
prgho zlwk fxuuhqw jryhuqphqw srolf|1 Wklv ydoxh lv frqvlvwhqw zlwk wkh srvw0zdu
gdwd iurp wkh Xqlwhg Vwdwhv/ surylghg wkdw rqh lqwhusuhwv wrwdo dydlodeoh wlph dv 57
krxuv shu gd|1
Wkh ydoxh ri &f lv vhw vr dv wr htxdo wkh vwhdg| vwdwh fdslwdo vwrfn jhqhudwhg
prgho zlwk fxuuhqw jryhuqphqw srolf|1
Hdfk shulrg lv wdnhq wr uhsuhvhqw wzr |hduv/ zklfk zh wklqn ri dv wkh plqlpdo
wlph lw fdq uhdolvwlfdoo| wdnh ehwzhhq d wd{ uhirup ehlqj sursrvhg dqg lwv ehlqj
lpsohphqwhg1 Frqvhtxhqwo| zh vhw B 'f  2dqg q 'f  b2 Vhh vhfwlrq : iru d
glvfxvvlrq ri zkdw kdsshqv zkhq wkhvh sdudphwhuv duh fdoleudwhg vr wkdw hdfk shulrg
uhsuhvhqwv d vlqjoh |hdu1
438Q x p h u l f d o p h w k r g v
Rxu uvw dwwdfn rq wkh sureohp zdv wr xvh d yhuvlrq ri wkh sdudphwhul}hg h{shf0
wdwlrqv dojrulwkp +SHD, ghvfulehg lq Pdufhw ) Pduvkdoo +4<<7,/ prglhg wr wdnh
lqwr dffrxqw wkh wlph0ghshqghqfh ri wkh sureohp17 Wklv dssurdfk wxuqhg rxw wr eh
h{wuhpho| vorz dqg zdv wkhuhiruh dedqgrqhg1 Lqvwhdg zh surfhhg dv iroorzv1 Zh
ehjlq e| glylglqj wkh sureohp lqwr d suh0uhirup wlph0ghshqghqw sduw +|	A,d q gd
srvw0uhirup vwdwlrqdu| sduw +|  A,1 Rxu dojrulwkp vwduwv e| jxhvvlqj &A dqg bc wkh
vkdgrz sulfh dvvrfldwhg zlwk wkh lpsohphqwdelolw| frqglwlrq1 Zh wkhq vroyh iru wkh




|3AL ES|c | +44,
vxemhfw wr wkh uhohydqw frqvwudlqwv/ lq sduwlfxodu wkdw &A lv jlyhq1 Wkh vroxwlrq iru
wklv sduw lv irxqg xvlqj d yhuvlrq ri wkh sdudphwhul}hg h{shfwdwlrqv dojrulwkp +SHD,
ghvfulehg lq Pdufhw ) Pduvkdoo +4<<7,1 Uhwdlqlqj wkh jxhvv ri &A dqg ohwwlqj &An￿
dqg A eh jlyhq iurp wkh vroxwlrq wr wkh srvw0uhirup sureohp/ zh surfhhg wr vroyh





v x e m h f ww rw k hu h o h y d q wf r q v w u d l q w v 1 V l q f h A lv jlyhq/ zh ljqruh wkh uvw rughu
frqglwlrq zlwk uhvshfw wr lw1 Krzhyhu/ zh uhwdlq wkh uvw rughu frqglwlrq iru wkh
rswlpdo fkrlfh ri &A lq vslwh ri wkh idfw wkdw lw lv {hg1 Wr dyrlg wkh uhvxowlqj
v|vwhp ri htxdwlrqv iurp ehlqj ryhughwhuplqhg/ zh ohw &f |lhog1 Zh wkhq kdyh dq
h{dfwo| ghwhuplqhg qlwh0glphqvlrqdo qrq0olqhdu v|vwhp ri htxdwlrqv1 Wr vroyh wklv
v|vwhp/ zh uvw uhgxfh lwv glphqvlrqdolw| e| xvlqj wkh uhvrxufh frqvwudlqw wr vroyh iru
frqvxpswlrq1 Wkhq zh h{sorlw wkh olqhdulw| lq wkh Odjudqjh pxowlsolhuv wr vroyh iru
wkhp e| vroylqj d v|vwhp ri olqhdu htxdwlrqv1 Wklv ohdyhv xv zlwk d 2Aglphqvlrqdo
v|vwhp ri htxdwlrqv lq &fc& ￿cc&A3￿ dqg fc ￿ccA3￿c z k l f kz hv r o y hx v l q jd
qxphulfdo plqlpl}dwlrq dojrulwkp1
Dw wklv vwdjh/ zh fkhfn zkhwkhu &A dqg b zhuh jxhvvhg fruuhfwo| lq wkh vhqvh
wkdw wkh vroxwlrq iru &f lv htxdo wr lwv h{rjhqrxvo| jlyhq ydoxh dqg wkdw wkh lpsoh0
phqwdelolw| frqglwlrq lv vdwlvhg1 Li qrw/ zh xsgdwh &A dqg b xqwlo frqyhujhqfh1
7 Wkh sureohp lv wlph0ghshqghqw ehwzhhq w @ 3 dqg w @ W ￿ 4> vlqfh wkh qxpehu ri shulrgv
uhpdlqlqj xqwlo W￿gd| +W ￿ w, lv d uhohydqw vwdwh yduldeoh1
449 Uhvxowv
Lq wklv vhfwlrq/ zh suhvhqw wkh srvlwlyh dqg zhoiduh surshuwlhv ri wkh vroxwlrq iru
glhuhqw ydoxhv ri A Zh glvfxvv wkh srolflhv dqg doorfdwlrqv vhsdudwho|/ exw dovr wkh
uhodwlrqvkls ehwzhhq wkhp1
914 Srvlwlyh surshuwlhv ri wkh vroxwlrq
91414 Srolflhv
Forvho| uhodwhg wr wkh lqlwldo frqvxpswlrq errp dqg dq lqlwldo kljk dqwlflsdwhg
fdslwdo lqfrph wd{ udwh/ zh kdyh wkh skhqrphqrq ri iurqwordglqj1I r uw k hs x u s r v h v
ri wklv sdshu/ d wd{ srolf| lv vdlg wr eh iurqwordghg li sduw ri jryhuqphqw vshqglqj lq
wkh vwhdg| vwdwh lv qdqfhg e| uhwxuqv rq dvvhwv dffxpxodwhg gxulqj wkh wudqvlwlrq1
Wklv skhqrphqrq kdv ehhq glvfxvvhg uhfhqwo| e| MPU zkr fdoo lw d glvwxuelqj
exw hvvhqwldo ihdwxuh ri wkh rswlpdo wd{ frgh1 Lqghhg/ dv MPU vkrz/ wkhuh lv d
zlgh fodvv ri prghov lq zklfk wkh rswlpdo wd{ frgh lv fkdudfwhul}hg e| frpsohwh
iurqwordglqj lq wkh vhqvh wkdw doo wd{hv whqg wr }hur18 Zkloh MPU pd| eh uljkw
lq vd|lqj wkdw iurqwordglqj lv dq hvvhqwldo ihdwxuh ri Udpvh| rswlpdo uhirup/ zh
qg wkdw wkh h{whqw ri iurqwordglqj ghshqgv qhjdwlyho| rq wkh vl}h ri wkh lqwhuydo
ehwzhhq dqqrxqfhphqw dqg lpsohphqwdwlrq ri wkh uhirup1 Lqghhg/ lq rxu vhwxs/ lw lv
txdqwlwdwlyho| lqvljqlfdqw zkhq srolf| lv suh0dqqrxqfhg vx!flhqwo| idu lq dgydqfh1
Dv h{klelwhg lq Wdeoh 4 dqg Iljxuh 6/ wkh txdqwlwdwlyh lpsruwdqfh ri iurqwordglqj
glplqlvkhv dv A lqfuhdvhv/ dowkrxjk lw grhv qrw glvdsshdu hqwluho|1 Zkhq A 'f cdv
pxfk dv < shufhqw ri jryhuqphqw h{shqglwxuhv duh fryhuhg e| uhwxuqv rq jryhuqphqw
dvvhwv lq wkh vwhdg| vwdwh1 Zkhq A ' D cwklv jxuh lv rqo| 5 shufhqw1 Vlploduo|/
dv A lqfuhdvhv/ wkh lqlwldo dffxpxodwlrq ri dvvhwv glplqlvkhv dqg wkh vwhdg| vwdwh
jryhuqphqw dvvhwv frqyhujh wr d yhu| vpdoo srvlwlyh qxpehu1
Fruuhvsrqglqj wr wkh vpdoohu lqlwldo dffxpxodwlrq ri dvvhwv/ wkh uvw iuhho| fkrvhq
fdslwdo lqfrph wd{ udwh idoov dv A lqfuhdvhv1 Lqghhg/ lw lv qhjdwlyh iru A:S cdqg
frqyhujhv wr derxw e shufhqw dv A ehfrphv odujh1 Wklv surylghv wkh lqfhqwlyhv
iru wkh hyhu0idvwhu frqyhujhqfh ri wkh fdslwdo vwrfn wr lwv qhz vwhdg| vwdwh ohyho dv A
lqfuhdvhv1 Iru ghwdlov ri wkh rswlpdo fdslwdo lqfrph wd{hv/ vhh Wdeoh 6 dqg Iljxuh 71
8 Wklv fodvv ri prghov kdyh oderu vhuylfhv vxssolhg mrlqwo| zlwk kxpdq fdslwdo dqg frqvwdqw
uhwxuqv lq wkh dffxpxodwlrq ri kxpdq dqg sk|vlfdo fdslwdo1 Rxu ehqfkpdun prgho grhv qrw
ihdwxuh kxpdq fdslwdo dffxpxodwlrq dqg khqfh lv qrw d phpehu ri wklv fodvv1
45Vlploduo|/ wkh lqfuhdvh lq ￿
A iurp fH shufhqw zkhq A 'fwr pruh wkdq f
shufhqw dv vrrq dv A:ffruuhvsrqgv wr wkh glvdsshdudqfh ri wkh lqlwldo shulrg
frqvxpswlrq errp zkhq A:f 1 Phdqzkloh/ wkh g|qdplfv ri oderu wd{ udwhv duh
wulyldo> dv vhhq lq Wdeoh 6/ wkh| frqyhujh doprvw lpphgldwho| wr wkhlu qhz vwhdg|
vwdwh ydoxh zkhq A:f 
91415 Doorfdwlrqv
Zkhq A 'fzh kdyh wkh vwdqgdug fdvh dv vwxglhg e| FFN1 Iljxuh 5 h{klelwv wkh
lqlwldo shulrg frqvxpswlrq errp dqg Iljxuh 6 h{klelwv wkh dffxpxodwlrq ri jryhuq0
phqw dvvhwv zklfk rffxuv lq shulrg 4/ zklfk lv wkh uvw shulrg wkdw wkh jryhuqphqw
lv iuhh wr vhw wkh fdslwdo lqfrph wd{1 Lq wklv shulrg/ wkh fdslwdo lqfrph wd{ lv 547
shufhqw/ dv vkrzq lq Iljxuh 71
Zkhq A '2wkh fkdudfwhu ri wkh vroxwlrq kdv fkdqjhg udwkhu gudpdwlfdoo|1 Wkh
jryhuqphqw lv qr orqjhu deoh wr orzhu wkh ydoxh ri &f e| hqjlqhhulqj d frqvxpswlrq
errp1 Qhyhuwkhohvv/ lw grhv lqlwldoo| dffxpxodwh dvvhwv e| ohy|lqj d udwkhu kljk
fdslwdo lqfrph wd{ lq shulrg A1 Khqfh wkh iurqwordglqj skhqrphqrq uhpdlqv1 Dv
A lqfuhdvhv ixuwkhu/ wkh shulrg A fdslwdo lqfrph wd{ hyhqwxdoo| wxuqv lqwr d vxevlg|
dqg jlyhv wkh sulydwh vhfwru lqfhqwlyhv wr lqyhvw khdylo| lq wkh shulrgv ohdglqj xs wr
Agd| +| ' A,1 Wklv vshhgv xs frqyhujhqfh ri wkh fdslwdo vwrfn wr lwv vwhdg| vwdwh
ydoxh/ vr wkdw dw A ' flw lv doprvw lpphgldwh1 Zkhq A lqfuhdvhv eh|rqg D/w k h
vroxwlrq grhv qrw fkdqjh pxfk zkhq A lv lqfuhdvhg ixuwkhu1
Vlploduo|/ wkh ehkdylru ri frqvxpswlrq dqg krxuv dv glvsod|hg lq Iljxuh 5 lv ehvw
xqghuvwrrg lq wkh oljkw ri wkh rswlpdo srolflhv dv glvsod|hg lq Wdeoh 61 Iru h{dpsoh/
frqvlghu wkh sdwk iru frqvxpswlrq1 Zkhq A 'f cwkhuh lv d kxjh errp lq shulrg
fc fruuhvsrqglqj wr wkh orz lqfhqwlyhv wr vdyh dv d uhvxow ri wkh yhu| kljk +547
(, fdslwdo lqfrph wd{ lq shulrg  Vxevhtxhqwo|/ frqvxpswlrq idoov suhflslwrxvo|
lq uhvsrqvh wr wkh idoo lq wkh fdslwdo lqfrph wd{ udwh1 Frqvxpswlrq wkhq frqyhujhv
iurp ehorz wr lwv qhz/ kljkhu vwhdg| vwdwh dv fdslwdo lv dffxpxodwhg dqg frqvxpswlrq
srvvlelolwlhv duh h{whqghg1 Zkhq A '2 cwkh shulrg 3 frqvxpswlrq errp lv jrqh/
dqg wkh hfrqrp| lqvwhdg frpphqfhv lwv dffxpxodwlrq ri fdslwdo wrzdugv wkh qhz
vwhdg| vwdwh lpphgldwho|1 Lq wklv fdvh/ frqvxpswlrq klwv lwv pd{lpxp lq shulrg c
wkh shulrg ehiruh wkh kljk +<: (, fdslwdo lqfrph wd{ udwh1
Dv A lqfuhdvhv ixuwkhu/ wkh gls lq frqvxpswlrq wkdw fruuhvsrqgv wr wkh fdslwdo
dffxpxodwlrq lv plwljdwhg frqvlghudeo|1 Wklv lv pdgh srvvleoh e| wkh lqfuhdvh lq
46krxuv zrunhg gxulqj wkh shulrgv f  |	A Wklv lqfuhdvh +dv | dqg A lqfuhdvh, lv
gxh wr wkh jds ehwzhhq suh0uhirup dq srvw0uhirup oderu lqfrph wd{ udwhv dqg wkh
dffxpxodwlrq ri fdslwdo zklfk udlvhv wkh uhdo suh0wd{ zdjh1
915 Zhoiduh surshuwlhv ri wkh vroxwlrq
Dv vkrzq lq Wdeoh 5/ wkh zhoiduh jdlqv glplqlvk dv wkh suh0dqqrxqfhphqw shulrg A
lqfuhdvhv1 Zkhq A 'f cwkh zhoiduh jdlqv fruuhvsrqg wr dq lqfuhdvh lq frqvxpswlrq
ri derxw 41:7 shufhqw1 Zkhq A 'D cw k l v j x u hl v4 1 4 9s h u f h q w /d q gz k h qA' D
lw kdv idoohq wr 318: shufhqw1 Lq sulqflsoh/ wklv lv qrw vr vwudqjh1 Suhdqqrxqfhphqw
+xqolnh frpplwphqw, uhsuhvhqwv d frqvwudlqw zklfk d pd{lpl}lqj jryhuqphqw zrxog
olnh wr dyrlg li lw frxog1 Wr sxw wkh jxuhv lqwr shuvshfwlyh/ zh uhfdoo wkdw FFN
qg wkdw ;3 shufhqw ri wkh zhoiduh jdlqv frph iurp wkh shulrg 4 fdslwdo lqfrph
wd{ +dqg frqfrplwdqw shulrg f frqvxpswlrq errp,1 Wkh| gr wklv e| frqvlghulqj
d wd{ uhirup zklfk vhwv fdslwdo lqfrph wd{ udwhv wr }hur lq doo shulrgv iurp shulrg
4 rq1 +Wklv wd{ uhirup lv ri frxuvh qrw rswlpdo1, Wr frpsduh zlwk wkh uhvxowv ri
wkh fxuuhqw sdshu/ zh qrwh wkh iroorzlqj1 Zkhq zh shuirup d vlplodu frqvwdqw0wd{
uhirup h{shulphqw wr wkdw ri FFN/ zh qg wkdw rqo| derxw 93 +udwkhu wkdq ;3,
shufhqw ri wkh zhoiduh jdlqv iurp wd{ uhirup glvdsshdu1 Wkh uhdvrq zk| zh jhw d
vpdoohu qxpehu wkdq FFN lq wklv fdvh kdv wr gr zlwk wkh idfw wkdw wkhlu lqlwldo vwrfn
ri sulydwho| khog dvvhwv +fdslwdo dqg jryhuqphqw ghew, lv juhdwhu/ vr wkdw wkh zhoiduh
jdlqv iurp eulqjlqj grzq lwv pdunhw ydoxh duh srwhqwldoo| juhdwhu19
Krzhyhu/ d orrn dw wkh zhoiduh jdlqv iurp suh0dqqrxqfhg wd{ uhirup vkrzv wkdw
dq hyhq vpdoohu iudfwlrq ri wkh zhoiduh jdlq vkrxog eh dwwulexwhg wr wkh kljk lqlwldo
fdslwdo lqfrph wd{1 Zkhq A 'Sdqg wkh lqlwldo fdslwdo lqfrph wd{ udwh lv rqo| derxw
9 shufhqw/ wkh zhoiduh jdlqv fruuhvsrqg wr dq lqfuhdvh lq frqvxpswlrq ri derxw 
shufhqw/ vr wkdw rqo| derxw d wklug ri wkh zhoiduh jdlqv ri wkh A 'ffdvh kdyh
glvdsshduhg1 Zkhq A '.dqg wkh lqlwldo fdslwdo lqfrph wd{ udwh lv S shufhqw/ wkh
zhoiduh jdlqv vwloo fruuhvsrqg wr dq lqfuhdvh lq frqvxpswlrq ri derxw 4138 shufhqw/
vr wkdw rqo| derxw 73 shufhqw ri wkh jdlqv kdyh glvdsshduhg1 Wklv vkrzv wkdw wkhuh
lv vwloo d udwkhu odujh iuhh oxqfk wr eh kdg iurp rswlpdo wd{ uhirup hyhq zkhq lwv
9Wkh uhdvrq iru wkh lqlwldo fdslwdo vwrfn lq FFN ehlqj kljkhu wkdq lq wkh suhvhqw sdshu lv wkdw
rxu ￿fxuuhqw￿ fdslwdo lqfrph wd{ udwh lv kljkhu> zh vhw lw wr 77 shufhqw/ zkloh FFN vhw lw wr 5:
shufhqw1 Vhh vhfwlrq 71414 iru wkh vrxufhv ri rxu ￿jxuhv1 Phdqzkloh/ zh vhw wkh lqlwldo vwrfn ri
jryhuqphqw ghew wr }hur zkhuhdv FFN fdoleudwh lw wr 84 shufhqw ri JGS1
47xqdsshdolqj ihdwxuhv kdyh ehhq uhpryhg1
Wklv fodlp uhfhlyhv ixuwkhu vxssruw iurp wkh iroorzlqj frqvlghudwlrqv1 Rxu fdo0
fxodwlrqv ri wkh zhoiduh jdlqv iurp rswlpdo suh0dqqrxqfhg wd{ uhirup suhvhqwhg vr
idu lqfoxgh wkh hhfw ri phuh ghod| dv zhoo dv wkh hhfw ri suh0dqqrxqfhphqw rq wkh
fkdudfwhu ri wkh wd{ uhirup1 Wkxv lw pd| eh wkdw wkh uhgxfwlrq lq zhoiduh jdlq dv
d uhvxow ri suh0dqqrxqfhphqw lv d uhvxow ri wkh ghod| udwkhu wkdq wkh uhprydo ri lwv
xqsdodwdeoh ihdwxuhv1 Lqghhg/ dv zh vkdoo vhh/ wkdw lv yhu| qhduo| wkh fdvh1
91514 Frpshqvdwlqj iru wkh sxuh ghod| hhfw
Lq wklv vhfwlrq/ zh glvfxvv wkh h{whqw wr zklfk wkh uhgxfwlrq lq zhoiduh jdlq zkhq A
lqfuhdvhv lv d uhvxow ri phuh ghod| +d jrrg wklqj frplqj odwhu udwkhu wkdq vrrqhu,/
dv rssrvhg wr wkh fkdqjhg fkdudfwhu ri wkh rswlpdo wd{ uhirup1 Wr lqyhvwljdwh wklv
lvvxh/ zh orrn djdlq dw wkh doorfdwlrqv jhqhudwhg e| wkh rswlpdo wd{ uhirupv iru










| lv wkh shulrg | xwlolw| jhqhudwhg e| wkh rswlpdo wd{ uhirup dqqrxqfhg dw
| 'fdqg lpsohphqwhg lq shulrg A Qrwlfh wkdw iru A	. cwkh remhfwlyh ixqfwlrq
zloo lqyroyh shulrgv zlwk |	f Iru wkhvh shulrgv/ zh vhw wkh doorfdwlrqv +dqg khqfh
wkh shulrg xwlolw|, htxdo wr wkh vwhdg| vwdwh ydoxhv jhqhudwhg e| fxuuhqw wd{ srolf|1
Qrwlfh wkdw wklv ghod|0frpshqvdwhg phdvxuh frlqflghv zlwk wkh xvxdo rqh zkhq
A '. Wkh fkrlfh ri wkh qxpehu : lv prwlydwhg e| wkh idfw wkdw zkhq A   fc wkh
doorfdwlrq jhqhudwhg e| wkh rswlpdo suh0dqqrxqfhg srolf| vwd|v pruh ru ohvv dw wkh
vwhdg| vwdwh jhqhudwhg e| fxuuhqw srolf| xqwlo wkhuh duh derxw : shulrgv ohiw xqwlo
wkh lpsohphqwdwlrq ri wkh uhirup +vhh Iljxuhv 4 dqg 5,1 Wklv phdqv wkdw/ lq hdfk
fdvh/ zh duh hydoxdwlqj doo sduwv ri wkh sdwk wkdw duh dhfwhg vljqlfdqwo| e| wkh
uhirup1 Lw dovr phdqv wkdw wkhuh duh dozd|v h{dfwo| : suh0uhirup shulrgv lq hdfk
hydoxdwhg sdwk/ vr wkdw wkh phuh ghod| hhfw lv khog frqvwdqw1
Wkh uhvxowv fdq eh vhhq lq Wdeoh 71 Zh qrwlfh wkdw rqfh wkh wd{ uhirupv iru
glhuhqw ydoxhv ri A duh sxw rq d ohyho sod|lqj hog zlwk uhvshfw wr wkh sxuh ghod|
hhfw/ wkhlu zhoiduh jdlqv duh udwkhu vlplodu1 Wkxv zh frqfoxgh wkdw wkh zhoiduh jdlqv
iurp rswlpdo wd{ uhirup gr qrw klqjh rq lqlwldo frqvfdwlrqv ru frqvxpswlrq errpv1
Lqghhg/ wkh zhoiduh jdlqv duh juhdwhvw zkhq A '.zkhq wkh fdslwdo dffxpxodwlrq lv
vprrwkhvw dqg wkh lqlwldo frqvxpswlrq errp lv jrqh hqwluho|1
48:H { w h q v l r q v
Lq wklv vhfwlrq zh glvfxvv wkh urexvwqhvv ri wkh uhvxowv wr fkdqjhv lq wzr dvshfwv ri wkh
ehqfkpdun vhwxs= wkh shulrg ohqjwk dqg wkh dvvxpswlrq ri }hur lqlwldo jryhuqphqw
ghew1
:14 Shulrg ohqjwk
Vlqfh wkhuh lv ixoo frpplwphqw/ wkh shulrg ohqjwk grhv qrw uhsuhvhqw wkh iuhtxhqf|
zlwk zklfk wkh jryhuqphqw fdq uhfrqvlghu lwv srolf|1 Lw grhv/ krzhyhu/ uhsuhvhqw wkh
iuhtxhqf| zlwk zklfk doo yduldeohv/ lqfoxglqj wd{ udwhv/ fdq eh fkdqjhg/ dqg lw lv qrw
reylrxv wkdw wkh uhvxowv duh urexvw wr fkdqjhv lq wklv iuhtxhqf|1 Qhyhuwkhohvv/ zh
qg wkdw wkh| duh1 Lq wkh ehqfkpdun fdvh/ wkh sdudphwhuv q dqg B duh fdoleudwhg vr
wkdw wkh shulrg ohqjwk fdq xvhixoo| eh wkrxjkw ri dv 5 |hduv1 Zkhq wkhvh sdudphwhuv
duh fkdqjhg vr wkdw hdfk shulrg fruuhvsrqgv wr d vlqjoh |hdu/ wkh uhvxowv duh yhu|
vlplodu1 Dv vhhq lq Iljxuhv 8 dqg 9/ wkh g|qdplfv ri fdslwdo dqg frqvxpswlrq duh
odujho| xqfkdqjhg h{fhsw srvvleo| iru lqlwldo frqvxpswlrq zkhq A 'fzklfk lv
qrwlfhdeo| kljkhu zkhq wkh shulrg ohqjwk lv vkruwhu1: Wkh glhuhqfh glvdsshduv
doprvw frpsohwho| zkhq A 'D 
:15 Fdoleudwlqj lqlwldo jryhuqphqw ghew
Lq wkh ehqfkpdun sdudphwul}dwlrq/ zh vhw Kf 'f Wkh uhvxowv duh qrw dhfwhg lq
dq| vljqlfdqw zd| li lqvwhdg zh iroorz FFN lq fdoleudwlqj lqlwldo jryhuqphqw ghew
wr htxdo 84 shufhqw ri JGS lq wkh vwhdg| vwdwh jhqhudwhg e| dyhudjh fxuuhqw srolf|1
Iljxuhv : dqg ; h{klelw wkh g|qdplfv ri fdslwdo/ frqvxpswlrq dqg krxuv iru A 'f
dqg A 'D / zlwk dqg zlwkrxw srvlwlyh lqlwldo ghew1 Wkh pdlq txdolwdwlyh glhuhqfh
olhv lq wkh lqfuhdvhg lqfhqwlyh wr orzhu wkh ydoxh ri lqlwldo sulydwh dvvhwv +vlqfh wkhvh
duh qrz odujhu, zkhq A 'f Wklv ohdgv wr d odujhu lqlwldo frqvxpswlrq errp lq
wklv fdvh1 Zkhq srolf| lv suh0dqqrxqfhg 8 shulrgv +43 |hduv, lq dgydqfh/ krzhyhu/
lqlwldo jryhuqphqw ghew eduho| pdwwhuv dw doo iru wkh doorfdwlrqv1
Qhyhuwkhohvv/ lqlwldo jryhuqphqw ghew grhv ri frxuvh pdwwhu iru wkh ehkdylru ri
jryhuqphqw ghew lwvhoi1 Dv glvsod|hg lq Iljxuh </ dq lqfuhdvh lq lqlwldo ghew ohdgv
hvvhqwldoo| wr d shupdqhqw xszdug vkliw lq jryhuqphqw ghew e| wkh vdph dprxqw/
: Qrwlfh wkdw htxdo glvwdqfhv dorqj wkh krul}rqwdo d{lv lq wkh ￿jxuhv fruuhvsrqg wr htxdo qxpehuv
ri |hduv udwkhu wkdq htxdoo| pdq| wlph shulrgv1
49ohdylqj jryhuqphqw ghflwv doprvw xqfkdqjhg1
Ilqdoo|/ lw lv zruwk qrwlqj wkdw srvlwlyh lqlwldo jryhuqphqw ghew fdxvhv lqwhuhvw
sd|phqwv wr furzg rxw wudqvihu sd|phqwv1 Dw wkh jlyhq fxuuhqw wd{ udwhv dqg
jryhuqphqw frqvxpswlrq/ wudqvihu sd|phqwv idoo iurp derxw eS shufhqw ri JGS
wr dssur{lpdwho| }hur zkhq lqlwldo jryhuqphqw ghew lv lqfuhdvhg iurp }hur wr 84
shufhqw ri JGS1
;F r q f o x v l r q v
Zkhq wkh jryhuqphqw kdv wr suh0dqqrxqfh/ dqg suhfrpplw wr/ lwv wd{ srolflhv idu
lq dgydqfh/ Udpvh| rswlpdo uhirup lq wkh jurzwk prgho orvhv vrph ri wkh udwkhu
frxqwhu0lqwxlwlyh surshuwlhv dwwulexwhg wr lw lq wkh olwhudwxuh1 Lq sduwlfxodu/ wkh
vroxwlrq grhv qrw ihdwxuh d frqvxpswlrq errp qru d odujh fdslwdo ohy| dw wkh wlph ri
uhirup1 Pruhryhu/ wkh uhtxluhphqw ri suh0dqqrxqfhphqw fdq eh prwlydwhg e| xvlqj
wkh vdph dujxphqwv dv zh xvh wr uxoh rxw oxps0vxp wd{dwlrq1
Dv d e|0surgxfw/ zh kdyh fdofxodwhg d pruh uhdvrqdeoh phdvxuh ri wkh zhoiduh
jdlqv iurp rswlpdo wd{ uhirup e| uhprylqj wkh sduw zklfk fdq eh dwwulexwhg wr dq
lqlwldo srolf| vxusulvh1 Zh qg wkdw rqo| derxw d wklug ri wkh zhoiduh jdlqv iurp
rswlpdo wd{ uhirup uhpdlq zkhq uhirup lv dqqrxqfhg 63 |hduv lq dgydqfh1 \hw
zh dovr qg wkdw wkh zhoiduh orvv ri suh0dqqrxqfhphqw lv rq wkh zkroh d uhvxow ri
wkh ghod| lwvhoi udwkhu wkdq ri wkh fkdudfwhu ri wkh suh0dqqrxqfhg uhirup1 Zkhq
frqwuroolqj iru wkh sxuh ghod| hhfw/ zh qg wkdw zhoiduh jdlqv ri rswlpdo wd{ uhirup
duh urxjko| wkh vdph uhjdugohvv ri wkh wlph lqwhuydo ehwzhhq dqqrxqfhphqw dqg
lpsohphqwdwlrq1
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Irrwqrwh= Wkh udwlr lv 4 plqxv wkh vwhdg| vwdwh
udwlr ehwzhhq wd{ uhyhqxh dqg jryhuqphqw
h{shqglwxuh1









Irrwqrwh= {S lv wkh +shufhqwdjh, lqfuhdvh lq frqvxpswlrq
lq hdfk shulrg uhtxluhg wr eulqj derxw wkh vdph lqfuhdvh
lq xwlolw| dv dq rswlpdo wd{ uhirup1
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Irrwqrwh= {S lv wkh +shufhqwdjh, lqfuhdvh lq frqvxpswlrq
lq hdfk shulrg uhtxluhg wr eulqj derxw wkh vdph lqfuhdvh
lq xwlolw| dv dq rswlpdo wd{ uhirup1
53